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Abstract. Profilin from wheat (Triticum aestivum) has been identified as an allergen (Tri a 12). The re-
combinant 14 kDa protein was produced in Escherichia coli, purified and crystallized using the hanging-
drop vapour-diffusion method. A diffraction-data set was collected in-house from a single crystal to a res-
olution of 3.3 Å. The crystals belonged to space group P3221, with unit-cell parameters a = b = 58.9 Å, 
c = 82.5 Å, α = β = 90° and γ = 120°. (doi: 10.5562/cca1790)  
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INTRODUCTION 
Ingestion of wheat (Triticum aestivum) can induce im-
mune-mediated adverse food reactions such as celiac 
disease or IgE mediated Type 1 allergies in predisposed 
individuals. The prevalence of wheat induced food  
allergy is low in adults. However, in young children 
wheat is one of the major causes of food allergy.1 Respi-
ratory allergy to wheat flour, affecting particularly per-
sons working at bakeries and therefore named baker's 
asthma, is one of the most common causes of occupa-
tional asthma.2  
To date, ten allergens have been identified from 
wheat by two-dimensional gel electrophoresis, immuno-
blotting using sera from allergic patients and mass spec-
trometry3–6 as well as by screening cDNA libraries dis-
played on phage surface7 (www.allergen.org). Recently, 
wheat profilin, designated Tri a 12, has been found to be 
recognized by specific IgE antibodies in patients suffer-
ing from baker's asthma, wheat induced food allergy and 
also in patients with grass pollen allergy.8 Profilins are 
one of the most prevalent plant protein families causing 
IgE mediated reactions.9–11 These monomeric proteins 
with a molecular weight of 12 to 15 kDa are ubiquitous 
components of the eukaryotic skeleton.12 Profilins are 
actin binding proteins, their main function being regula-
tion of dynamics of actin polymerization during processes 
such as cell movement and signal transduction.13  
The birch pollen allergen, Bet v 2, was the first al-
lergenic profilin identified.14 In the meantime, members 
of this protein family have been identified in a variety of 
fruits and vegetables.15 Since profilin sequences are 
highly conserved among plants, individuals who are 
sensitized to profilin commonly show allergic symp-
toms to a large number of unrelated plants. Knowledge 
about the three-dimensional structure of these allergenic 
proteins is necessary to gain information on the surface 
structure that in turn is necessary to predict cross-
reactivity. However, in contrast to other plant profi-
lins,16,17 the three-dimensional structure of Tri a 12 has 
not been resolved yet. The aim of the present study was 
to crystallize Tri a 12 expressed from E. coli and to 
perform preliminary X-ray crystallographic analysis.  
 
EXPERIMENTAL 
Cloning of Tri a 12 
Total RNA was isolated from two days old wheat 
sprouts using the Plant RNA extraction kit (Sigma-
Aldrich, Steinheim, Germany). Complementary DNA 
synthesis was performed using 3 µL of total RNA  
and an oligo-dT primer T25NN according to stan-  
dard protocols. Subsequently, standard PCR was per-
formed using gene specific primers with design based 
upon the wheat profilin sequence deposited in Genbank 
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(AccNr.: X89827; gene-specific primer forward: 5’-ATG 
TCGTGGAAGGCGTACGTCGA-3’; gene specific  
primer reverse: 5’-AGTAACCCTGATCGATCAGGT 
AATC-3’). The PCR product (396 bp) was ligated into 
the pCR2.1-TOPO vector (Invitrogen, Carlsbad, USA). 
Competent TOPO10 E. coli cells were transformed with 
the resulting plasmid. Sequencing of the inserts was 
performed using the Epicentre Biotech SequiTherm 
EXCEL II Long Read L-C Kit and analyzed by an  
automatic sequencer (Licor Sequencer 4000L, Li-COR, 
Biosciences GmbH, Bad Homburg, Germany). Se-
quence analysis was performed using LICOR Image 
Analysis V4.0, LICOR ALIGN IR V2.0 and ClustalX 
software.18 
 
Expression and Purification of Recombinant Wheat 
Profilin  
Tri a 12 DNA was amplified with gene specific primers 
designed with NdeI and EcoRI restriction sites (forward 
primer: 5’-GGGCATATGTCGTGGAAGGCGTAC-
3’; reverse primer: 5’-CCCGAATTCTTAGTAACCC 
TGATCGA-3’; restriction sites are underlined). The 
PCR product was digested with the respective restric-
tion-nucleases (Fermentas GmbH, St. Leon-Rot, Baden-
Württemberg, Germany) and ligated into the T7 based 
expression vector pET17b and competent E. coli BL21 
(DE3) cells were transformed. 
Single colonies were grown in LB medium con-
taining 0.1 mg mL–1 ampicillin overnight at 30 °C. Pro-
tein expression was induced by addition of 0.4 mmol L–1 
isopropyl-β-D-thiogalactopyranoside (IPTG) and the 
incubation was continued for 4 hours at 30 °C. 
Cells were harvested and disrupted with lysis  
buffer (50 mmol L–1 NaH2PO4, 300 mmol L–1 NaCl,  
10 mmol L–1 imidazole; pH = 8) and French pressing. 
Subsequently, the lysate was centrifuged at 15000 g for 
15 min at 4 °C. Recombinant Tri a 12 was obtained 
from the supernatant. The recombinant protein was 
purified by a single purification step on a column of 
poly-L-proline (Sigma-Aldrich) coupled to CNBr-
activated Sepharose (Amersham Biosciences). The 
column was equilibrated with buffer A (50 mmol L–1 
Tris-HCl, pH = 7.4, 150 mmol L–1 NaCl, 1 mmol L–1 
EDTA and 1 mmol L–1 DTT). Recombinant Tri a 12 
was eluted by a stepwise gradient of the elution buffer 
(50 mmol L–1 Tris-HCl, pH = 7.4, 150 mmol L–1 NaCl, 
1 mmol L–1 EDTA and 6 mol L–1 urea; 25, 75 & 100 %). 
Fractions containing profilin were checked by SDS-
PAGE and dialysed against buffer A. The final dialysis 
step was performed against 5 mmol L–1 Na-phosphate, 
pH = 7.2. Protein concentration was determined using 
the BCA Protein Assay Reagent Kit (Pierce, Rockford, 
Ireland). Purified Tri a 12 was stored at –20 °C. 
 
Crystallization and X-ray Data Collection 
Crystallization conditions were screened with the sit-
ting-drop vapour-diffusion method using Index Screen 
Kits (Hampton Research) at 290 K. Drops were pre-
pared by mixing 1 µL of Tri a 12 (3.2 mg mL–1 protein 
in a 50 mmol L–1 MES buffer pH = 6.5) with 1 µL of 
the reservoir solution. The drops were equilibrated by 
vapour diffusion against 100 µL of the reservoir solu-
tion. After one week, colourless crystals were observed 
in drops with reservoir conditions containing 3.5 mol L–1 
sodium formate at pH = 7.0. Crystallization was then 
optimised by the hanging-drop vapour-diffusion me-
thod. 1 µL of the protein extract was mixed with 1 µL of 
different reservoir solutions containing sodium formate 
in a concentration range from 3.2 to 3.7 mol L–1 and at 
pH values between 6.0 and 7.5. The drops were equili-
brated at 290 K.  
Before data collection the crystals were transfer- 
red to a cryoprotectant solution prepared by mixing  
the corresponding reservoir solution with glycerol in a  
Figure 1. Crystal of wheat profilin.  
Table 1. Crystal parameters and data-reduction statistics 
Space group P3221(a) 
Unit-cell parameters  
a / Å = b / Å 58.9 
c / Å 82.5 
α / ° = β / ° 90 
γ / ° 120 
Resolution / Å 51.4–3.30 (3.42–3.30) 
Unique reflections 4807 (486) 
Redundancy 7.4 (7.4) 
Completeness / % 99.3 (100.0) 
/ ( )I σ I  10.37 (1.60) 
Rint / % 13.7 (50.4) 
(a) Values in parentheses are for the highest resolution shell. 
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volume ratio 70:30. After a few seconds, the crystals 
were picked up with a nylon loop and flash-cooled at 
100 K in a nitrogen-gas stream. A complete diffraction 
data set was collected on an in-house Oxford Diffraction 
Xcalibur Nova R diffractometer with a microfocus tube 
with Cu Kα radiation (λ = 1.5418 Å) and a CCD detec-
tor. A total of 322 frames were collected by ω-scans at 
three different crystal orientations with a 0.75° oscilla-
tion angle and an exposure time of 90 min. The data 
were indexed, integrated and scaled using the CrysAlis 
software package.19 Other crystallographic calculations 
were performed by programs from the CCP4 program 
suite:20 the molecular replacement was done in PHAS-
ER21 using the model prepared by CHAINSAW.22  
 
RESULTS AND DISCUSSION 
Wheat profilin was expressed in E. coli and purified 
from the soluble fraction by affinity chromatography. 
N-terminal sequencing of the purified protein batch 
resulted in the first five (5) amino acid residues match-
ing the published wheat profilin sequence (SWKAY) 
with the initial methionine being cleaved off by the 
endogenous methionine aminopeptidase according to 
the side chain length of the penultimate amino acid.23 
Mass spectrometry analysis of purified recombinant Tri 
a 12 yielded an intact molecular weight of 14032 Da, dif-
fering in only 1 Da with the theoretical data of 14031 Da. 
Structural integrity was investigated by circular dich-
roism and compared to the natural counterpart and 
birch pollen profilin.24 Recombinant Tri a 12 showed 
intact secondary structures of mixed alpha helices 
and beta sheet elements characteristic for members of 
the profilin protein family. This well characterized 
batch of purified recombinant wheat profilin was then 
used for crystallization. 
Crystals of wheat profilin with maximal dimen-
sions up to 0.3 mm were observed after one week at 290 
K for reservoir solutions containing 3.2–3.7 mol L–1 
sodium formate and 50 mmol L–1 HEPES–NaOH buf-
fer, pH = 7.5 (Figure 1). A complete and redundant 
diffraction data set was collected from a single crystal 
with dimensions of 0.2 × 0.2 × 0.3 mm3. The crystallo-
graphic data and data-reduction statistics are provided in 
Table 1. The systematic absences of diffraction maxima 
and Rint values suggested four possible space groups 
(P31, P32, P3121, and P3221). The space-group ambigui-
ty was resolved by molecular replacement trials in 
PHASER.21  
Up to now only three structures of plant profilins 
have been published: latex (Hevea brasiliensis) profilin 
Hev b 8 (PDB code: 1g5u; 3.1 Å resolution); birch (Be-
tula pendula) pollen profilin (PDB code: 1cqa; 2.4 Å 
resolution)17 and thale or mouse-ear cress (Arabidopsis 
thaliana) profilin I (two structures, PDB codes: 1a0k 
and 3nul at 2.2 and 1.6 Å, respectively).16 The search 
model for the molecular replacement was prepared from 
Figure 2. Sequence alignment of wheat profilin Tri a 12 and the other plant profilins with determined 3D structure. Tri a 12:
wheat (Triticum aestivum) profilin Tri a 12 (FM164277); 1g5u: latex (Hevea brasiliensis) profilin Hev b 8; 1cqa: birch (Betula
pendula) pollen profilin;17 1a0k and 3nul: profilin I from Arabidopsis thaliana.16 The figure was prepared using ESPript.25  
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the latex (Hevea brasiliensis) profilin Hev b 8 structure, 
which shares 78 % identical residues with wheat profilin 
(Tri a 12; Figure 2). In the molecular-replacement 
search model, all non-conserved residues in the chain A 
of latex profilin were pruned to the last common atom 
of wheat profilin by CHAINSAW.22 The distinctly best 
solution was found for the space group P3221 (rota-  
tion function Z-score = 6.7, translation function Z-
score = 17.0, R-factor = 43.7 %). With one protein mo-
lecule in the asymmetric unit, the Matthews coefficient 
(VM) was calculated to be 2.9 Å3 Da–1 which gives the 
estimated solvent content of 58.2 %.26 Refinement of 
the crystal structure, as well as further optimization of 
the cryoprotectant solution and crystal diffraction quali-
ty is under way. 
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